| INTRODUC TI ON
Eosinophilic oesophagitis (EoE) is a world-wide chronic clinicalpathologic disease defined by eosinophil infiltration limited to the oesophageal epithelium.
1,2 Once considered a rare disease, it has now reached a yearly incidence of 1/10 000 with a 50-to 70-fold increases in the last decade [3] [4] [5] [6] [7] [8] [9] and it is more common in Caucasian, atopic males. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Currently when suspected, oesophagogastroduodenal endoscopy (OGD) is the only reliable tool available for diagnosis and follow-up monitoring of EoE. 2 Eosinophilic oesophagitis appears to be a late manifestation of the atopic march, and as per other atopic diseases T helper type 2 (Th2), predominant inflammation driven by chronic antigen exposure from food and possibly environmental allergens has been demonstrated by multiple independent groups. 18, [21] [22] [23] [24] [25] [26] [27] [28] There is now global evidence that food allergens (eg milk and wheat) are the most common triggers in EoE; however, the pathological process that leads to food allergy driven inflammation in EoE is not completely elucidated.
It is believed that genetically driven oesophageal epithelial dysfunction leads to increase contact of food allergens with immune reactive cells with consequent development of a specific Th2 response which initiates a vicious circle of further increase of epithelial permeability and chronic Th2 inflammation. [29] [30] [31] The complex nature of the immunological response as well as a lack of knowledge on which specific cells are initiating and perpetuating the inflammation in EoE is great obstacles in the development of allergen testing to predict food allergen triggers in EoE. Indeed, classical food allergen testing, such as measurement of specific food IgE by in vivo (ie skin prick test [SPT] ) or in vitro testing (ie ImmunoCap, ISAC) and delayed food allergen response by patch testing, has been unable to consistently predict EoE food allergen triggers. 27, 28 For similar reasons, so far no peripheral biomarkers have been developed that can be used instead of the OGD for diagnosis and treatment monitoring. 32 Therefore, dietary treatments are largely empirical and require many OGDs to establish efficacy.
This review will provide a practical guide to assist clinicians and dieticians in choosing and implementing dietary therapy for patients with EoE.
| CLINIC AL MANIFE S TATI ON OF EOE AND MANAG EMENT OF EOE
Eosinophilic oesophagitis can occur at any age and has heterogeneous clinical presentations depending on age at the time of presentation. 33 Children with EoE present with signs of oesophageal dysfunction (Table 1) , whereas symptoms of ongoing fibrosis, such as dysphagia and food impaction, are the most common presenting symptoms in teenagers and adults 1, 9, 34, 35 (Table 1) . The difference in symptoms in various age groups is believed to be due to the Th2 eosinophilic inflammation, that if left untreated progresses to fibrosis. Therefore once the EoE diagnosis is established, it is important to initiate a therapy that controls the local eosinophilic inflammation to prevent fibrosis with its associated complications such as oesophageal stricture and food impaction 2, 9 When EoE is suspected based on symptoms, a diagnosis is confirmed if at least 15 eosinophils per high power field (eos/hpf) as a peak value are found in one or more of at least four oesophageal biopsy specimens obtained from the oesophagus via OGD 2 ( Figure 1 ).
OGD remains for now the only reliable method to assess the disease activity, and it is repeated at least 4-8 weeks after each therapeutic intervention to assess efficacy. 2 The accepted treatments of EoE are high-dose proton-pump inhibitor (PPI), diet or steroids 32 ( Figure 1) . When possible, patients should be maintained on monotherapy to avoid risk of lack of compliance due to therapeutic complexity, add unnecessary cost and side-effects. 36, 37 If monotherapy fails, a combination therapy with steroids and food avoidance or food avoidance and PPI is acceptable. 38 Short courses of oral/systemic steroids or oesophageal dilations have also been used for short-term control of the disease. 36, 39 Most clinicians use PPI as first line treatment due to its safety profile, ease of administration 36, 39, 40 and only in those cases not responsive to PPI progress to either topical steroids or food antigen avoidance 2,9 ( Figure 1 ). Currently, patients are counselled with the different available "maintenance" therapeutic options for EoE: PPI, topical "swallowed" steroids or diet therapy. Choices are based on patient preferences. There are currently global research efforts to better understand the EoE pathogenesis and develop personalized therapeutic approaches. Tools to help to understand who will better benefit from food elimination diet vs other therapeutic options are highly needed.
For example, we have recently demonstrated that being allergic to multiple foods is associated with the most recognized genetic risk for EoE, a single nucleotide polymorphism (SNP) RS3806932 in the promoter region of the TSLP gene on 5q22. 41 As we discover more connection between genotype and EoE phenotype, we will have more data to establish a personalized therapeutic approach.
| FOOD ALLERG EN S A S TRI G G ER S OF EOE
In patients with EoE foods have been shown to be triggers in both adults and children through the use of elimination diets. We have recently observed a predominant Th2-driven milk-specific antigen response in Peripheral T cells obtained from paediatric patients with milk-induced EoE. 23 These findings suggest that EoE is a Th2-specific disease and raises the possibility that EoE is not limited to the oesophagus, but involves T cell activation also in the periphery. 23 33 Like in atopic dermatitis, these Th2 cytokines contribute to further damage the epithelial barrier which in turn leads to the establishment of sensitization to food allergens that ultimately then represent the chronic trigger of the disease in the majority of patients. 33 Specific IgG4 to food is elevated in patients with EoE but their pathogenetic role is still unclear, as they could be an attempt of the immune system to down-regulate the Th2 inflammation. 49 Specific IgG4 level to specific foods has not been shown to be able to predict food allergy in specific patients. IgG4 level to specific food largely overlaps in EoE and control patients.
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| D IE T
Therapeutic diets in EoE are interventions aimed at inducing disease remission.
Most physicians will now start dietary intervention after showing that PPIs fail to induce remission; however, it can be used as first line therapy without trying PPI therapy first based on most recent international guidelines. 32 After a PPI fails to induce remission and an elimination diet is initiated, there are no guidelines to aid the decision about continuing the PPI or pursuing diet alone. 32 It is now clear that the more foods initially eliminated the more likely it is to achieve remission at the first endoscopy, 52 with elemental diet being the most effective dietary treatment in EoE, even if most patients are allergic only to 1-3 foods. 27, 34, 37, 53 Diet therapy compared to swallowed topical steroid and PPI has the advantage to achieve remission of EoE with similar effectiveness without using drugs with their real or perceived side-effects such as impact on final height or bone health. 54 Especially in paediatrics, where steroids are typically more feared, refused, and difficult to use, diet is an attractive therapeutic option. Even more interesting is the fact that the few children who have been reported to truly outgrow the disease were all treated with diet. 9 Dietary eliminations however are not risk free. Nutritional deficiency, decreased quality of life, psychological impact, risk of developing eating disorders, increased cost and complexity are major drawbacks in diet therapy. 55 Patients on therapeutic diets should be followed by a nutritionist to maximize the number of options available in the diet, avoid nutritional imbalances and accidental exposures. Childrens' growth parameters and feeding behaviours should be closely monitored. Moreover, feasibility, side-effect of the diet and patient preference weigh heavily on the decision on which food initially eliminates from the diet.
After the initial food elimination diet, an OGD is essential to
show that the chosen diet has induced disease remission. 32 Typically, a 6-to 8-week interval is desirable before repeating the OGD, however in a subset of patients longer may be necessary to induce histological remission after an initial symptomatic and inflammation improvement. 52 Once remission is achieved, foods or food groups are sequentially reintroduced to identify the trigger food or foods, in 
| Elemental diets
| Efficacy of elemental diet
A total elemental diet requires the complete replacement of foods with a nutritionally complete elemental formula, where the protein source is comprised entirely of synthetic amino acids (Table 3) . For an elemental diet, all international food allergy and gastro-intestinal guideline groups recommend an amino acid formula for the management of EoE. 57 To date, nine papers have reported on the use of complete elemental diets in patients with EoE: seven papers in children and two papers in adults.
The first ever reported study using elemental diets in children with EoE was a prospective non-randomized study from the USA (n = 10) and showed symptom improvement in 8/10 (80%) of cases. 42 Four retrospective reviews, 44, 46, 58, 59 case-series from Spain and South Arabia 60, 61 and two non-randomized adult trials from the United States 62 and Netherlands, 63 were published with a response rate mostly greater than 90% (71%-97%).
A recent meta-analysis has shown that the overall efficacy of elemental diet in inducing histological remission of EoE defined as a reduction in peak eosinophil counts to <15 per hpf was 90.8% (95% CI, 84.7-95.5%). 
| Limitations of elemental diet
Even if an elemental diet is effective, taste, craving for foods, social limitation, cost and poor quality of life significantly limit adherence to diet. 44, 62, 63 With the exclusion of infants, in whom a liquid diet is age appropriate, elemental diets are really only practical for short periods and in few selected cases.
Elemental diets were used in the late nineties widely in patients with EoE, before swallowed steroids were used. 9 Nowadays, elemental diets can still be used in infants with limited solid foods in their diet, as a way to induce quick EoE remission and do a controlled food introduction to discover food triggers. However the use of elemental diet in every other age group should be limited to those very rare patients in whom remission has not been achieved with dietary restriction, swallowed steroids and PPI or a combination of the above treatments.
Indeed, most patients that require elemental formulas for prolonged period of times typically need tube feeding (eg gastric or nasogastric)
and such intervention should be highly discouraged, especially in patients with feeding disorders. Therefore when EoE patient has passed the infancy stage, elemental diet should be used only as a last resort treatment when all other treatment alone or combined have failed.
Indeed beyond infancy, elemental diets have the worse therapeutic index than all the other available treatment options
In children with feeding disorders and EoE, in those in whom diet leads to severe calories and protein restrictions, elemental formulas can be used as supplements boost protein/nitrogen intakes and energy intake which is particularly important in toddler years and during pubertal growth spurt.
| Practical aspects of elemental diets
The taste of elemental formulas can limit patient acceptability.
Flavoured and unflavoured formulas are available, and different strategies can be employed to enhance palatability. Manufacturers of elemental formulas can provide additional flavouring techniques and recipes designed to enhance palatability and adherence to the prescribed diet.
Sugar-based candies, Gatorade and artificially flavoured waters may be permitted for some patients.
Another option to increase acceptance of a low antigen diet is to use elemental formula to provide most of the nutritional needs, allowing a limited amount of solid food (usually lower-risk, such as fruits and vegetables and/or certain grains). Such strategies may help to patients to consume the required volume of elemental formula and in that way to avoid enteral tube feedings, while still keeping low antigen exposure.
Moreover, most elemental formulas do not contain dietary fibre.
Fibre supplements may be helpful for those children who develop or are prone to constipation. As in the case of multivitamins and minerals, supplements should be free of known allergens. Guar-gum, psyllium and inulin-based supplements can be used by most patients.
The cost of elemental formulas may present a very real barrier to their use as primary-or even adjunct-therapy. Insurance coverage is possible, but can vary significantly depending on where the family lives and their insurance plan or healthcare system of the country of residence.
| Elimination diets
Elimination diets are defined as therapeutic interventions in which one or more foods are restricted. The most common foods that cause Eoe are milk and wheat, followed by soy and egg as listed in Table 2 . In EoE,
we still talk about food and not single food antigens, as the specific food antigens responsible for EoE inflammation have not been identified. For example, it is under debate if wheat-free diet means wheat free or need to be gluten free. 64 At present, advice is also to avoid foods in both their fresh and baked forms. Various empirical and test directed strategies have been studied to establish standardized ways to perform an elimination diet. The efficacy of a dietary change is determined entirely by assessment of histologic remission on oesophageal biopsy and control of EoE symptoms. Symptoms alone have been shown to be not reliable in assessing inflammation activity. 65, 66 Various types of elimination have been used and described, with similar efficacy in both adults and children. In general, more foods are eliminated more likely is to have remission at first OGD, but most individuals are allergic really to only 1-3 foods. 34 The different dietary options are typically presented to the patients.
Step-down (start from a more restrictive diet and reintroduce progressively all the eliminated foods) and step-up (eliminate 1-2 foods and if not effective progressively eliminate more foods) approaches are both acceptable. Consideration on specific patient characteristics when deciding to use either of those approaches are the following:
severity of the disease, nutritional status, eating habits, ability to cook, economical resources, necessity to eat out of the house and reliance of pre-prepared foods. In an adult patient with significant disease (significant trouble swallowing, frequent vomiting etc.), with a normal to high BMI, a baseline diet rich in fruit and vegetable, time and resources to prepare own food a more restrictive diet may be easy to implement and will have higher chance to induce remission at first OGD.
However, a step-up approach may be preferable in an individual with mild-moderate symptoms of long duration, who has a limited nonvarious diet rich in milk and wheat, has low acceptance for new foods, or relies on pre-prepared food and restaurant eating for most meals.
Various types of diets have been described in the literature in prospective and retrospective studies.
| Six-food elimination diet
Six food elimination diets (SFEDs) typically exclude milk, egg, wheat, soy, all nuts (including peanuts) and all seafood. 43 However, one and one a retrospective review(n = 9). 68 In the Australian 69 study, all the study participants received a PPI during the intervention.
These trials showed a response rate of 52%-74%. The two retrospective paediatric studies (n = 26, 39) were both from the USA. 44, 59 Kagalwalla et al 44 used a criteria of ≤10 eos/hpf and showed that 26/35 (74%) children improved during a 6-week intervention. Using a criteria of <15 eos/hpf, Henderson et al 59 reported that 21/26 (81%) achieved remission, but the duration of the intervention was not specified.
Overall, the SFED appears to have an efficacy between 52% and 80% with most studies reporting 70%-75% success rate. 
| Four-food elimination diets
A four-food elimination diet typically involves exclusion of milk, egg, wheat, and soy and foods containing these allergens that globally have been recognized to be the most common triggers of EoE (Table 2) . 34, 43, 59 However, in the Spanish study, 53 the following foods were excluded: mammalian milk, wheat/gluten-containing grains, eggs and soy/legumes including peanuts. Two prospective non-randomized trials of four food exclusion diets have been conducted, one in adults in Spain (n = 52) 53 and another multi-centre trial in children (n = 78) from the USA. 70 In adults, 54% (28/52) achieved remission defined as a 50% decrease in symptom score and histologic <15 eos/hpf after a 6-week intervention. In the US study, 64% (50/78) of children achieved remission defined as <15 eos/hpf after an 8-week intervention.
| One food elimination diets
Two-, one-food exclusion diet studies (n = 17) (avoiding cow's milk and milk-containing products) have been published, both from the USA. 58, 71 One study was a retrospective review indicating that 11/17 (65%) (≤15 eos/hpf) children achieved remission; time of intervention not specified. 58, 71 The other prospective trial showed that 19/34 (64%) (n = 20), showed 9/14 (64%) achieved less than (≤15 eos/hpf) after 6-8 weeks of milk exclusion. 71 Molina Infante TA B L E 4 Nutrients in major food allergens and appropriate substitutes on 6-food elimination diet
The authors concluded that using this approach of stepping up from a two-, four-, six-food exclusion diet has numerous benefits in terms of reduced need for endoscopies, quicker time to diagnosis, being able to identify almost all patients who had 1-2 food allergies and less dietary restrictions.
| Test directed diets
Many studies have looked at the value of SPT and atopy patch tests (APT) in adults and children to find culprits foods in EoE. In adults, positive SPT to food allergens are rare and almost never predict food allergy. 43, 73 An adult study from the Netherlands used the ISAC chip test, specific IgE tests and SPTs, to design diets in adult patients. 74 Only one participant who happened to be sensitized to milk improved on a cow's milk-free diet (≤10 eos/hpf). This could be a chance finding as milk is one of the most common triggers of EoE.
In paediatric patients, more comprehensive studies have been reported. which is lower than the accuracy in children. They concluded that these tests have a 45.5% efficacy in indicating which foods are triggering EoE. It is however difficult and complex to compare these studies due to different methodologies used.
Given the aforementioned limitation, the recent guidelines do not recommend the use of SPT, sIgE or APT for the initiation of elimination diet in EoE. 
| Other elimination diets
Spergel et al 34 compared in a retrospective study different type of elimination diets in a paediatric population with a definite diagnosis of food-induced EoE. The authors found that the SFED had a response rate of 53%, whereas those who eliminated three most common trigger foods (milk, egg and wheat) or milk alone had a respectively a 47% and 30% response rate. The most effective diet in such paper was instead the removal of the most common food groups (milk, egg, soy, wheat) and meats [chicken, turkey, beef and pork]), for a total of eight foods with a response rate at 77%. On the other hand, a vegan diet (no milk, egg, fish, shellfish, or meats; five food groups) had a similar response rate to removal of milk, egg and wheat at 48%. (Tables 3-6) It is critical that the pre-diagnosis diet is reviewed, ideally by a dietitian, and assessed in detail (Table 5 ). Knowing which foods are in the diet at baseline will determine the degree of exposure to higher-risk foods and the potential impact-both nutritionally and on quality of life-that may occur with elimination of these foods.
| NUTRITIONAL CONS IDER ATIONS OF ELIMINATI ON D IE TARY THER APY
82-84
The risk of dietary inadequacy will increase with the number and types of foods removed from the diet, the degree to which the restricted foods were previously consumed, as well as the child's nutritional status upon diagnosis and presence of additional risk factors (feeding difficulties/texture aversion, IgE-mediated food allergies). [82] [83] [84] Additional calories, protein and/or micronutrients may be required in children with a history of poor weight gain and comorbidity such as severe atopic dermatitis which increase nutritional requirements.
Careful attention should be paid to the calories, protein and micronutrients remaining in the diet. Micronutrient supplementation, free from all the excluded allergens, should occur as needed if requirements cannot be met with diet alone. Product ingredients should be reviewed on a regular basis to ensure safety and compliance.
Identification of feeding difficulties is a critical component of the nutrition assessment. Many younger children with EoE will exhibit gagging/vomiting, dysphagia, food aversion and altered eating behaviours (limited variety, spitting out foods, neophobia, grazing, lack of mealtime structure). 85 . Behaviours should be reassessed throughout the course of treatment. If improvement is not observed once normal biopsies are achieved, a referral to a feeding specialist is indicated to determine the need for behavioural therapy.
Adolescent girls may be at risk of feeding disorders such as anorexia and bulimia, as it is the case in IgE-mediated food allergy even if this has not been studied specifically in EoE 86 Specific food avoidance has significant specific related issues as detailed below:
| Milk avoidance
The milk antigen that causes EoE is not known. In general, following similarities with IgE-mediated food allergies all mammalian milk and partially and extensively hydrolysed formulas should be restricted. 37, [82] [83] [84] During milk avoidance, all milk sources included baked milk should be avoided especially when the diet and the food triggers need to be established. 43, 87 Later, when is known that the patient is allergic to milk, baked milk can be tried in the diet followed by OGD, as some patients maybe able to tolerate it. 43, 87 Enriched soy milk can substitute for cow's milk, as it provides protein, calcium, vitamin D and riboflavin. 84 As a general principle, caution needs to be exercised when substituting a frequent trigger such as milk with another frequent culprit like soy. Authors have seen some patients switch to soy milk develop EoE from soy unrecognized prior as diet had limited soy (unpublished data). Enriched tree nut based beverages are also available. However, they would not be permitted on an SFED. In this instance, enriched "milks" or "beverages" made from rice, coconut, oat, potato, flax/sunflower and pea may be considered. [82] [83] [84] A variety of enriched products can also help meet calcium requirements for some patients. Most of these are lower in calories and protein than whole cow's milk, and the remainder of the diet should be carefully reviewed to ensure that nutritional requirements can be met with other foods. [82] [83] [84] These products are not appropriate for younger children especially under the age of 2 years; severe malnutrition and rickets have been reported in toddlers provided rice beverages as a substitute for cow's milk. 88 Table 7 provides information on some currently available dairy alternatives.
| Wheat avoidance
Wheat and enriched wheat products provide iron, niacin, riboflavin, thiamin, folate and fibre. Wheat-free grains are not usually enriched with the above vitamins and minerals, and use of refined flours can adversely affect intake of dietary fibre.
82-84
Whole-grain wheat substitutes such as amaranth, buckwheat, gluten-free oats, quinoa, teff, millet and brown rice are better sources of dietary fibre and micronutrients than refined wheat-free flours. [82] [83] [84] Patients should also be encouraged to increase fruits and vegetables as able.
The question of whether to remove wheat or all glutencontaining grains (wheat, rye, barley and standard oats, which does not contain gluten but can be contaminated by gluten if processed in the same facility as gluten-containing grains) has been raised. 64 There are currently no studies suggesting improved histologic outcomes with the latter approach. Although it was unclear from past studies if participants were actually eating rye, barley and standard/non-gluten free oats, as for example in the United States most processed food that is wheat free is also gluten free. 64 
| Egg avoidance
In an egg-free diet, both egg whites and egg yolks must be avoided. Baked egg should be removed as well, especially while the diet is being established. Eggs provide protein, choline, vitamin A, riboflavin, pantothenic acid, biotin and selenium. Most of these can usually be provided by other foods, depending on what remains in the diet after egg is removed. [82] [83] [84] Eggs are an important ingredient in baked goods, providing leavening and structure. Instructions on how to replace eggs in baking should be provided to the patient, for example, egg can be replaced with apple sauce, mashed banana and flax seeds. [82] [83] [84] Vegan alternatives (eg VeganEgg) based on algae are also suitable alternatives for baking and making scrambled eggs. Cholesterol-free egg substitutes such as Egg Beaters (ConAgra Foods, Inc., Omaha, NE, USA) contain egg whites and are not appropriate for use. vegetarian family). Refined soy oil and soy lecithin are tolerated by most soy-allergic individuals and are typically not avoided on a soyelimination diet.
| Soy avoidance
84,89
| Peanut, tree nuts, fish and shellfish
Peanuts and tree nuts can be replaced with seeds (and seed butters).
Major nutrients in fish and shellfish can be replaced with meats, along with seeds and vegetables oils high in omega-3 fatty acids.
82-84
| Label reading
Label reading will become a crucial skill for patients and all involved in food selection and preparation during an elimination diet. The specific legislation covering both the United States and the European Union is summarized in Table 8 . These laws apply to conventional food products, dietary supplements, infant formulas and medical foods.
Manufacturers must also list the specific tree nut, fish or crustacean shellfish used as an ingredient. Major food allergens must also be declared in spices, flavourings, colourings or additives, or if used to aid in processing. These regulations apply only to ingredients derived from the allergens listed in Table 8 . Individuals who need to avoid ingredients not covered under the regulations must contact the manufacturer to confirm product safety. Ingredients and manufacturing processes can change over time, and labels should be read each time a food is purchased or consumed, even if the food has been used safely in the past.
An ingredient used in some European products is codex wheat starch, which is rendered gluten free through extensive washing. It still contains other allergenic wheat proteins and therefore needs to be avoided during a wheat elimination diet for EoE. As per EU regulations, wheat will still be emphasized on the ingredients list, and education should be provided to ensure that gluten-free products are also checked to be wheat free.
In both the United States and EU, precautionary allergen labelling (PAL or "may contain" statements) is not a legal requirement and therefore the risk of contamination from allergens from foods bearing these warnings is variable. Accordingly, there is also a risk of cross-contamination on foods without any warnings. 90 Individualized advice should be provided to families regarding PAL, particularly in the context of IgE-mediated food allergies. It is not yet known at this time whether trace exposure can trigger EoE but it is prudent at least in the initial stages to minimize all exposure. 83 
| Nutritional aspects relating to children
Dietary avoidance, particularly long-term avoidance, can lead to nutritional inadequacies. 91, 92 Nutritional deficiencies in food-allergic conditions have been well described in food allergy, indicating deficiencies in calories, protein, fat, vitamins (particularly B vitamins) and minerals (particularly calcium and iron). 93 A recent study 94 indicates that a number of nutrients may be suboptimal in children with food allergies such as protein, carbohydrate, zinc, calcium, iron and vitamin E.
As mentioned, milk is now considered the number one trigger food in EoE. Milk and dairy products are the main sources of calcium and contribute to vitamin D intake in most people's diets. Either milk substitutes with added calcium or a calcium supplement should be suggested in these cases. A recent study from the UK, focusing on children with non-IgE-mediated food allergies, 95 concluded that these children are at risk of vitamin D insufficiency and deficiency.
Similar data were reported in terms of suboptimal intake of Vitamin D and calcium in children with EoE from the USA, reporting that Vitamin D and calcium intake (mean intake of 606 mg/d) was below the daily recommended intake (mean intake of 112 IU/d), 82 despite normal serum levels above 30 ng/mL. None of these children were previously assessed by a RD, despite more than a 12 months difference between the mean age of diagnosis (3.4 years) and age of recruitment (4.8 years).
In one study, 10% children with EoE, presented with moderate malnutrition at baseline 96 but no further weight loss was reported during the dietary intervention. Two studies from the same US-based centre indicated that previously 21% of children with EoE were diagnosed with failure to thrive, 85 and a more recent study indicates that the BMI z score for children with EoE was 0.13 (45th percentile). 
| Nutritional aspects relating to adults
Food allergy data from adult studies indicate insufficient intake of calcium, and that intake of energy, protein, lipid, phosphorus, zinc, vitamin B1, B2, niacin and cholesterol decreased as the number of food allergens increased. Intake of vitamin A, iron and vitamin B6 was also compromised. 91, 97 A recent study from the United Kingdom however indicated that this low intake of nutrients may not be particularly related to food allergies, but general suboptimal nutrient TA B L E 6 Allergen-free diet education To date, few studies of dietary intervention have focused on nutritional outcomes in adult EoE. One major concern is that dietary restriction can lead to weight loss. Two studies of an elemental diet reported weight loss, 45, 46 and one trial of the SFED reported no significant change in weight. 24 However, none of these studies report baseline BMI of participants and other dietary intervention studies do not mention BMI or weight loss at all. A recent UK pilot study found that there was a statistically significant reduction in BMI postdietary intervention; however, for no participants were weight loss considered clinically significant and no BMI dropped below the normal range. 99 A comparison of nutrient intake between food-allergic adults and non-allergic controls found micronutrient deficiencies in both groups thought to be due to poor food choices, with the foodallergic group faring slightly better. 100 Nutritional deficiencies have also been shown to occur during dietary intervention for EoE; however, in this study these were also present at baseline and for all participants improved during the intervention. 99 This is thought to be due to dietary counselling as well as decreased intake of convenience foods. Given the restrictive nature of prolonged elimination diets, further investigation into nutritional parameters is warranted.
In adults, lifestyle or social factors may affect adherence to dietary intervention, such as work, socializing and travel. Difficulty with adherence in particular with an elemental diet is reflected by high withdrawal rates in adult studies 45, 46 and the overall low proportion of studies that have been completed in adults compared to children. 47 Access to an experienced dietitian may also be a limiting factor due to lack of adult specialists in this area.
| Ongoing evaluation
Dietitians should play a role in the assessment of nutritional status by taking a detailed allergy focused diet history, perform and interpret anthropometric measurements, and consider laboratory tests to confirm or rule out suspected nutritional deficiencies (albumin, total protein, electrolytes, blood urea nitrogen and creatinine is being treated. Adequate nutrition should ideally be provided by food rather than nutritional supplements. However, in some cases where it is difficult to find suitable alternative (allergen-free) foods due to limited access to foods or feeding aversions or food refusal, the use of nutritional supplements and amino acid-based formulas/ beverages should be considered.
As we know more about the disease, we have learned that EoE can change over time. Even when a patient is on a stable effective diet period, OGD (once every 1-2 year) is recommended to be sure that the remission continues. Indeed, for example, dietary change may lead to increase consumption of allergenic foods rarely consumed before starting the diet (ie soy, pea proteins) that may become allergenic and induce EoE or patient adherence may reduce.
On the other hand, occasionally patients can outgrow their food allergies so every few years reintroduction of the allergenic foods may be tried. Ongoing monitor should also focus on compliance, and lack of compliance is frequent in dietary treatment not associated with acute symptoms. 
| Reintroduction
Once a patient has a normal endoscopy, foods are reintroduced either singly or in groups to try to determine culprit(s). After each food is reintroduced, an OGD must be performed. The decision regarding which food(s) to reintroduce and in which order is often a clinical decision. Starting from either low-or high-risk foods are both acceptable options, and family preference often directs different reintroduction approaches.
In general, for high-risk food (milk, wheat, soy, egg) which are also the most nutritionally important one food at the time reintroduction is recommended followed by OGD after 6-12 weeks. One to three medium-risk (legumes, meats, seafood, peanut/nuts and grains) foods can be reintroduced at one time before repeating OGD depending of previous patient history. Typically, low-risk foods can be reintroduced in groups (fruit and vegetables) SPTs therefore may be useful in EoE patients with a possible past history of milk or egg allergy, as positives may point to a previous IgE-mediated food allergy to those foods that may now trigger EoE.
| What if dietary treatment fails?
If a 6-food elimination diet is unsuccessful, one possible approach is to look at the patient's current diet. If there is a large consumption of rich in protein foods such as legumes (including pea protein now a popular cow's milk substitute) or meats, removal of those foods is advisable, before calling the patient non-responsive to dietary intervention.
However, about 20% of Children and adult treated with elimination diet do not respond to dietary therapy, even after step-up approach to remove mostly eaten foods and SFEDs approach is used. 43, 46 When this happens is paramount to establish adherence to diet therapy, which is known to be poor in EoE especially when diet is used for long periods of time. In general, compliance is a significant problem when patients feel better in any therapeutic approach, even if there is no data on long-term compliance with diet or steroids. However, delayed in starting therapy leads to increased stenosis with every 10 years of age at diagnosis, the odd ratio increases 2-fold for strictures and 7-fold for dysphagia, suggesting that compliance should be encouraged to avoid long-term consequences.
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Once compliance is established, two options can be offered to patients. One is to start combination therapy with diet and PPI (especially if PPI were not used initially as first line therapy) (Figure 1 ), and second is to add steroids and slowly reintroduce all the eliminated food to see if steroids alone can maintain disease remission.
36,37
| Future in EoE food allergy
Despite the clear evidence for efficacy of diet in EoE, the pathological process that leads to food allergy in EoE is not completely elucidated. The mechanism of food allergy-induced inflammation is probably complex and that is why in vitro testing for food allergies have been disappointing.
Measurement of IgG4 and T cell in vitro activation with specific food allergens 23 is under active investigation to establish accuracy in predicting EoE-specific food allergies.
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IgG4 has been found elevated at the site of inflammation in EoE suggesting that it could be an IgG4-mediated disease. 49 However, IgG4 is antibodies produced during a Th2 inflammation and have demonstrated the ability to reduce such inflammation as they are not able to effectively stimulate an immune response when bound to an antigen and they reduce the ability of other antibodies to bind to the antigen. 51 Specific IgG4 to food responsible for EoE has been also been detected, but there is a large overlap with levels in healthy individuals, and therefore, they cannot be used clinically. 49, 51 T cells from patients with EoE triggered by milk when stimulated with milk either in vitro or in vivo express high level of activation marker CD154 + , suggesting potential use in the future to predict specific food allergy in single individuals, but prospective studies will be needed to establish specificity and sensitivity of the assay for specific food allergens. Finally, minimally invasive and cheaper methods to obtain oesophageal tissue such as the oesophageal string test 113 or cytosponge test 114 are under active investigation and will make empiric diet more feasible if validated.
| CON CLUS IONS
Eosinophilic oesophagitis is a chronic, non-fatal disease associated with significant morbidity, reduced quality of life, and if left untreated can result in permanent fibrosis and stricture formation.
Given the complexity, a multidisciplinary approach is recommended to manage these patients (Figure 2 ). In the majority of children with non-PPI responsive EoE, inflammation is driven by sensitivity to foods and treatment with an elimination diet can be effective. We recommend evaluating one treatment at the time to assess efficacy.
However, combination therapy with diet and PPI or diet and steroid may be advisable if single therapy approaches are not able to control the disease.
Foods most commonly identified to trigger EoE in children are summarized in Table 2 . Foods can be eliminated using a step-down or step-up approach. If the goal is to achieve quick remission, elemental diet or SFEDs are the most effective. If the goal is to achieve 
Future
• Precision Medicine • immunotherapy remission using the least number of endoscopies and with better patient acceptability, a step-up approach starting from a 1-2 food elimination diet and increasing the number of foods based on a personalized dietary approach is advisable. The 1-2-4-6 food approach should also take in consideration the diet and the food which are consumed by the patients. Meats, which are not excluded by an of the standardized diet, can trigger EoE, but nuts, excluded from SFEDs, are rarely recognized as a trigger of EoE especially in the United States. 34, 43 Finally, in the last decade an elemental diet is used only in selected cases in which a rapid remission is needed or prior to determining with a step-down approach which foods are causative in EoE.
Multiple OGDs are needed during a dietary treatment to establish efficacy of diet, reintroduce foods and monitor long-term efficacy of diet and food tolerance.
Children with EoE on elimination diets require also frequent monitoring of growth and nutrition, as well as screening for symptoms of EoE, allergy and mindfulness regarding psychosocial impact of chronic disease on the family and child. Current research focused on tools to select patients who mostly will benefit from dietary treatment, predict the specific food allergens, obtain oesophageal tissue non-invasively and induce tolerance will greatly improve the treatment of EoE.
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